Introduction Periacetabular osteotomy (PAO) is an established treatment for adolescent and adult patients with hip dysplasia. However, the efficacy of PAO has not been tested against another surgical intervention or conservative treatment in a randomised controlled trial before. We suggest that progressive resistance training (PRT) could be an alternative to PAO. The primary aim of this trial is therefore to examine the efficacy of PAO followed by 4 months of usual care followed by 8 months of PRT compared to 12 months of solely PRT in patients with hip dysplasia eligible for PAO in terms of patientreported pain measured by The Copenhagen Hip and Groin Outcome Score (HAGOS). Methods and analysis This trial is a single-blinded multicentre randomised controlled clinical trial, where patients with hip dysplasia, who are eligible for PAO, will be randomised to either PAO followed by usual care and PRT or PRT only. Primary outcome is patient-reported pain, measured on the subscale pain on the HAGOS questionnaire 12 months after initiation of PAO or PRT.
The key secondary outcomes are the other subscales of the HAGOS, adverse and serious adverse events, usage of painkillers (yes/no) and type of analgesics. Based on the sample size calculation, the trial needs to include 96 patients. Ethics and dissemination The trial is approved by the Central Denmark Region Committee on Biomedical Research Ethics (Journal No 1-10-72-234-18) and by the Danish Data Protection Agency (Journal No 1-16-02-120- 19) . The trial is also approved by The Regional Committee for Medical and Health Research Ethics, Region South-East Norway (Ref. 2018/1603). All results from this trial will be published in international peer-reviewed scientific journals regardless of whether the results are positive, negative or inconclusive. trial registration number NCT03941171
IntroduCtIon
Hip dysplasia is associated with development of early osteoarthritis (OA). [1] [2] [3] However, not everyone with radiologically verified hip dysplasia develops OA. Periacetabular osteotomy (PAO) 4 5 is an established treatment for hip dysplasia in adolescents and adults. [6] [7] [8] [9] The aim of PAO is to improve pain and prevent secondary OA by improvement in the hip biomechanics. 10 However, studies describing the natural history of hip dysplasia are lacking. The lack of knowledge is problematic since patients are offered a surgery strengths and limitations of this study ► This is the first head-to-head comparison to evaluate the additive effect of periacetabular osteotomy (PAO) in addition to non-surgical treatment in patients with hip dysplasia scheduled for PAO. ► The trial will provide valuable evidence to surgeons, physiotherapists and decision-makers by highlighting the efficacy, benefits and harms of the surgical and non-surgical treatment approach, respectively. ► The results are expected to have an immediate substantial impact on clinical practise by providing new evidence to achieve optimal allocation of health care resources as well as markedly improved knowledge when informing patients with hip dysplasia about their options. ► The trial is a multicentre randomised controlled and assessor blinded trial, conducted at two sites in two countries. ► A limitation is that the patients cannot be blinded towards the intervention.
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with potential complications mainly based on pain indication without knowing if OA would progress. In a longitudinal trial, 136 controls were compared with 81 persons with mild or moderate radiological verified hip dysplasia. 11 The participants were followed for a decade, but the results of the study did not document a tendency for radiological hip degeneration. In contrast, Morita et al 12 found that the probability of OA progression was 13% in a cohort of 88 patients with hip dysplasia who had received a rotational acetabular osteotomy in the contralateral hip 20 years earlier.
Patients with hip dysplasia typically experience hip pain and reduced walking distance. The pain is localised to the groin area and can be sharp, sudden and sometimes radiate towards the knee. 13 This results in reduced patient-reported and performance-based physical function. 7 8 14-16 In addition, Sørensen et al 14 showed that patients with hip dysplasia had weaker hip flexor and abductor muscles than age and gender matched controls. Only few trials have investigated physical training for this patient group. [17] [18] [19] Importantly, trials in hip OA 20 21 have shown, that progressive resistance training (PRT) seems to be a promising exercise modality that may relieve pain and improve function. To our knowledge, no trials have applied PRT in hip dysplasia. We therefore performed a pilot PRT trial 15 on 17 patients with hip dysplasia scheduled for PAO and found that PRT is feasible with few and minor adverse events and that the patients were motivated for the training (high training compliance). The pilot trial further indicated decreased patient-reported pain, symptoms and better patient-reported scores for sport and recreation measured by The Copenhagen Hip and Groin Outcome Score (HAGOS). Moreover, we found increased performance-based function and increased hip flexion muscle strength on the affected side. As such, a well-powered randomisedcontrolled trial (RCT) comparing PRT to PAO in hip dysplasia seems justified.
In further support of the aforementioned RCT, patients, their relatives, healthcare providers and decision-makers have a common interest in investigating the efficacy of PAO. As described by Wartolowska et al, 22 it is reasonable to assume that surgery is associated with a placebo effect. First, because invasive procedures have a stronger placebo effect than non-surgical ones and, second, because a confident diagnosis and a decisive approach to treatment, typical for surgery, usually results in a strong placebo effect. 22 A recent survey 23 among British shoulder surgeons showed that surgeons generally agreed that a placebo component to surgical intervention might exist. With the increased use of PAO worldwide and expanded indications for PAO, such as acetabular retroversion and femoroacetabular impingement syndrome, 16 24 25 it is problematic that the efficacy of PAO has not been investigated in a randomised controlled trial.
Aim and hypothesis of the trial
The primary aim of this trial is to examine the efficacy of PAO followed by 4 months of usual care followed by 8 months of PRT compared to 12 months of a PRT only, in patients with hip dysplasia eligible for PAO, in terms of patient-reported pain measured by HAGOS. Secondary aims are to investigate changes in patient-reported symptoms, physical function in daily living, physical function in sport and recreation, hip and/or groin-related quality of life, generic health status, performance-based function, hip muscle strength, physical activity and adverse events between PAO followed by usual care and PRT compared to PRT only. We hypothesise that PAO followed by usual care and PRT results in significantly less pain at 12 months follow-up compared to PRT only.
MAtErIAl design
This trial is a multicentre randomised controlled and assessor blinded trial, following the Consolidated Standards of Reporting Trials (CONSORT) guidelines. 26 Change in primary outcome will be measured from baseline to 12 months follow-up, while change in secondary outcomes will be measured from baseline to 4 and 12 months follow-up. In addition, 5 year and 10 year follow-up with questionnaires is planned.
Patients

Setting and location
Patients will be recruited from the Departments of Orthopaedic Surgery at Aarhus University Hospital, Denmark, and at Division of Orthopaedic Surgery at Oslo University Hospital, Norway. Approximately 130 PAOs are performed yearly in Aarhus, and 40 PAO are performed in Oslo yearly. We expect to recruit 96 patients. Both centres will be including patients, but the analysis will be performed at Aarhus University Hospital. 7. Previous surgery for herniated disc, spondylodesis, arthroplasty of hip, knee or ankle. 8. Previous surgery of the hip (tenotomy of iliopsoas tendon, z-plastic of the iliotibial tract or hip arthroscopy) in index leg. 9. Neurological or rheumatoid diseases that affect the hip function. 10. Inadequacy in written and spoken Danish or Norwegian. 11. Body Mass Index >25.
Eligibility
randomisation After baseline assessment, the patients will be randomised in a 1:1 ratio to either PAO followed by usual care and PRT (PAO-group) or PRT only (PRT-group). A computergenerated list of random numbers will be set up in the Research Electronic Data Capture (REDCap) randomise tool. Administrators of the randomisation procedure will be blinded to block sizes and randomisation sequence at all times during the trial period. Allocation concealment will be ensured, as the randomisation will not be performed and revealed before the patient has been irreversibly included in the trial. After randomisation a secretary or project coordinator, who is otherwise not affiliated with the trial, will refer patients to surgery or to the treating physiotherapist/physiotherapy student who contacts the patient for an appointment of the first exercise session.
PRT-group
The PRT-group receives 4 months of supervised PRT two times per week. A physiotherapist or physiotherapist student will supervise all training sessions the first 4 weeks.
The following 4 weeks, six out of eight training sessions are supervised and from week 9 to 16, half of the training sessions (8 out of 16) are supervised. After these 4 months (16 weeks), patients receive a free membership to a fitness centre near their home address and are encouraged to train on their own two times per week until 12 months follow-up with one supervised session per month. Supervised training sessions will be conducted at VIA University College (in Denmark) or at a physiotherapy practice (in Norway). If the included patients randomised to the PRTgroup do not find they benefit from the PRT they can crossover from 4 months (see figure 1 and the section "Anchor question"), or at any time later throughout the intervention. Four months is the normal time to wait when being on the waiting list for a PAO surgery, but if patients wish to crossover after 4 months of PRT, they will not be put on a new waiting list but directly scheduled for PAO.
PAO-group
PAO will be performed with the transsartorial approach 5 or the anterior pelvic approach. 4 X-rays (AP pelvic and AP hip) will be performed after 6 weeks, 4 months, 12 months, 5 years and 10 years. Patients commence postoperative rehabilitation as usual until 4 months after the operation. Usual care means that the patients follow a rehabilitation programme guided by a physiotherapist specialised in hip problems, with focus on stability and strength after the operation, as well as regaining a normal gait pattern. The physiotherapist will adapt the postoperative rehabilitation to the patients need and thus usual care will differ between patients. Four months postoperative the patients complete usual care commence with the same PRT intervention programme as the PRT group, until 12 months follow-up (see description above).
MEthod training program
The PRT programme involves 10 min of warm up followed by four exercises including sets of loaded squats, hip extension, hip flexion and hip abduction. Loaded squat is performed standing with a barbell or dumbbells and target hip-and knee-extensors and flexors. Hip extension is performed standing in a cable-tower with a cable fixed around the ankle and the leg is moved backward and upward in a stretched position to perform hipextension against resistance. Hip flexion is performed standing in a cable-tower with the cable fixed around the ankle and the knee is moved forward and upward to perform hip-flexion against resistance. Hip abduction is performed standing in a cable-tower with a cable fixed around the leg and leg is moved out to the side and up while kept stretched, to perform hip-abduction against resistance. To avoid muscle soreness of the affected leg (defined as index leg), squat is performed before the unilateral exercises. After week 16, all exercises are performed by both legs to train stability for the index leg and because the majority of the patients have bilateral hip dysplasia and hence probably profit from bilateral resistance training. The exercises are focused on strengthening all the muscles around the hip. Since patients with hip dysplasia primarily experience decreased strength in hip flexors and hip abductors, 27 these muscles are incorporated in the training programme, but to assure a symmetrical strengthening of the hip muscles, hip extensors are also included in the training programme.
Only four exercises have been included in the training programme to ensure that the training sessions do not exceed 60 min, and consequently patients are more likely to adhere to the training programme. The exercises are simple to perform, and all equipment used are standard equipment in essentially all fitness centres. The absolute training load will be individually adjusted on a set-by-set basis, using the plus two principle (if the patient is able to perform two or more repetitions than required, the load is increased). Hip related pain levels up to 5 on the Visual Analogue Scale (VAS) is considered acceptable during exercise. 11 Progression of relative load will be performed as described in table 1.
outcomes Outcome assessments will be performed at baseline, and at 4 months and 12 months follow-up (after initiation of surgical/non-surgical treatment). An assessor blinded to group allocation will conduct baseline and follow-up measurements. The patients will be contacted and asked to complete hip-related questionnaires, 5 and10 yearsafter inclusion into the trial. An overview of the different outcomes is presented in table 2.
Primary outcome
The pain subscale of the patient-reported questionnaire HAGOS, were the total score ranges from 0 (worst) to 100 (best). 27 HAGOS is a valid, reliable and responsive patient-reported outcome in young patients with hip and groin related pain. 27 A minimal clinically relevant difference of the HAGOS pain subscale is considered to be 9.7. 28
Secondary outcome
The most important secondary outcomes are presented as key secondary outcomes. The key secondary outcomes 29 30 adverse and serious adverse events (see box 1). 31 Usage of painkillers (yes/no) and type of analgesics is also part of the key secondary outcomes. The other secondary outcomes are; HAGOS subscale Participation in Physical Activities, pain reported by the VAS; 32 Forgotten Joint Score-12; 33 Y-balance test 34 and isometric measured hip muscle strength (flexion, extension and abduction).
Exploratory outcomes
Tri-axial accelerometer (only at baseline and 12 months follow-up); EuropeanQuality of life 5 Dimensions with 5 Levels (EQ-5D-5L); 35 delay to surgery and demographic 
Assessment of compliance
Compliance to training will be registered from the patients' training protocols, described as number of sessions attended versus number of planned sessions according to the protocol in per cent. Compliance to training will be calculated both for those who complete the intervention and for all patients, including drop-outs. High compliance is defined as ≥70% attendance to the supervised sessions the first 4 months. Number of selftraining sessions will be recorded in a training diary and high compliance to self-training (from 4 to 12 months follow-up) is defined as attendance to the PRT of ≥50%.
X-rays X-rays will be performed with the patient in standing position (AP pelvic) and in supine position (AP hip), at baseline and at every follow-up for both groups. X-rays will also be repeated at 6 weeks for the PAO-group as part of the standard postoperative care.
Data entry
In Denmark the software REDCap will be used for data entering, while EpiData will be used in Norway.
Anchor question After 4 months, the patients will have an appointment with the surgeon. Before this meeting the patients will fill out the anchor question (described below) and the HAGOS questionnaire. These two questionnaires will form the basis of the talk with the surgeon. For patients allocated to the PRT-group, the surgeon will ask the patient to evaluate to which extent the a priori hip problems have been addressed, and the patient and surgeon decide whether the patient continues in the PRT-group they have been randomised to or is crossing over to PAO. The decision of crossing over is thus a decision made between the surgeon and the patient, based on the anchor question and the HAGOS questionnaire. After talking to the surgeon, function and muscle strength will be tested.
Anchor question PAO-group: How is your operated hip now compared with before surgery? Much better, slightly better, the same, slightly worse or much worse? PRT-group: How is your hip now compared with before you started this training programme? Much better, slightly better, the same, slightly worse or much worse? sample size A minimal clinically relevant difference of the HAGOS pain subscale is considered to be 9.7 (28) . Based on a previous pilot trial the SD of HAGOS pain in PAO patients is 16.2 (15) . Given a power of 0.80 and two-sided significance level α=0.05, the estimated sample size of each intervention group is 44 patients. Allowing for possible crossovers and loss to follow-up, the number of included patients in each intervention group will be 48 patients.
data availability statement Aarhus University Hospital is responsible for handling all personal data provided by both sites in accordance to the Clinical Trial Agreement and the EU General Data Protection Regulation. Oslo University Hospital agree that information directly related to the protocol and trial, including data, material, Intellectual Property and results generated from the trial shall be the property of Aarhus University Hospital, and shall be treated in strict confidence, and shall not be disclosed to any third party, or use for its benefit or the benefit of any third party, without the prior written consent of Aarhus University Hospital, except for data that is (i) publicly known or available from other sources who are not under a confidentially obligation to the other party, (ii) has been made available by the other party without confidentiality obligation, (iii) is independently developed or otherwise already known by or available to the other party without a confidentiality obligation or (iv) is already required disclosed by law.
statistical considerations
All descriptive statistics and tests will be reported in accordance with the recommendations of the 'Enhancing the QUAlity and Transparency Of health Research' (EQUATOR) 36 network and the CONSORT statement. 26 The primary
Open access efficacy analysis will be assessment of the between-group difference in change in the HAGOS pain subscale from baseline to 12 months after initiating the treatment (primary end-point). The primary analysis will follow the intention-to-treat principle and a mixed effects model will be used. Sensitivity and exploratory analysis will be performed with the purposes to test the robustness of the results per-protocol with good compliance (defined as participation in ≥70% of the training sessions) and as-treated analysis, in which patients will be analysed based on their adherence to the randomised treatment expecting three groups 1 : patients randomised to PAO, 2 patients randomised to PRT without undergoing PAO in the follow-up period, 3 patients randomised to PRT undergoing PAO in the follow-up period.
Ethics and dissemination
Before inclusion, all patients will have to give their written, informed consent in accordance with the Declaration of Helsinki II. All data and information collected in regard to this trial will be treated confidentially by the researchers and staff connected to the trial.
Patient and public involvement
During the development of the trial design, we have interviewed a group of patients with hip dysplasia with the purpose of gaining knowledge on the patients' thoughts on participating in a clinical trial that investigates the efficacy of joint preserving surgery compared with a PRT programme. The patients were asked to consider how often they would be able to train, how far they would be willing to commute to the training facility and what their primary reason for seeking treatment had been. Likewise, they were asked about what was most important for them to achieve with an operation or a training intervention. This was performed in order to use the obtained knowledge to improve our patient information, the method of patient recruitment and the PRT programme.
dIsCussIon This is the first head-to-head comparison to evaluate the additive effect of PAO in addition to non-surgical treatment in patients with hip dysplasia scheduled for PAO. The trial will provide valuable evidence to surgeons, physiotherapists and decision-makers by highlighting the efficacy, benefits and harms of the surgical and nonsurgical treatment approach, respectively. The results are expected to have an immediate substantial impact on clinical practise.
Since the trial is designed to be an assessor blinded randomised controlled trial, it reaches the highest evidence level. For obviously reasons it is not possible to blind the patients towards the intervention, which is a limitation of the trial. The trial is conducted at two University Hospitals and the patients are regular patients, thus the infrastructure used is of high standard. Both hospitals have specific hip units and have all necessary hospital equipment available including operational environment and postoperative hospitalisation. All outcomes are valid and reliable outcome measures and consist of both multiple patient-reported outcomes and objective outcome measures.
There can be unforeseen risks in connection with all trials, but these are considered minimal in this trail. When performing PRT, it is normal to experience muscle soreness, and based on the experience from our earlier feasibility trial 15 testing PRT in patients with hip dysplasia, we know that there are times where the patients can experience muscle-related pain. The patients are thus asked to score their pain before and after each training session, to ensure that the training does not aggravate the hip pain. All methods included in this trial have been used in previous approved trials.
All results from the trial will be published in international peer-reviewed scientific journals regardless of whether the results are positive, negative or inconclusive. Funding This trial is supported by Aarhus University (550 000 dkk), Aase and Ejnar Danielsens Foundation (84 000 dkk), Alfred Benzons Foundation (1 164 000 dkk), Andelsforeningernes Humanitaere og Kulturelle Fond (20 000 dkk), Fondsstiftelsen ved Oslo Universitetssykehus (148.000 nok), The Danish Rheumatism Association (673 000 dkk), The Family Hede Nielsens Foundation (10 000 dkk), The Frimodt-Heineke Foundation (15 000 dkk) The Norwegian Fund for Post-Graduate Training in Physiotherapy (252.000 nok), The Riisfort Foundation (104 800 dkk) and Vanførefonden (100 000 dkk). The foundations had no role in planning the trial and did only deliver financial support.
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